We examine the causal relationship between 12 UK regional house prices. Our data span from 1983:Q1 to 2012:Q4. The causal linkages both for the first differences and the levels are examined via Granger causality. The former allows us to examine short-run predictability while the latter the long-run. We relax the assumption of linearity and examine nonlinear pair-wise causality following Diks and Panchenko (2006) both for the levels and the first differences. We find that long-run causality among the regions is mainly linear while in the short-run is nonlinear. London's effect on the other regions is found to be mainly nonlinear in the short-run.
Introduction
The housing market had always a dominant role in the economy. It is the single most important asset of every household. The interest for the behavior of UK regional house prices has increased over the past two decades. This is primarily due to the significant impact that house prices have on economic activity. The fluctuations in regional house prices have led to the examination of the interaction among them. This letter focuses on the predictability aspect (causality) amongst the UK regional housing market. We investigate whether we can identify the regions that drive (cause or predict) the rest of the UK regional housing market. We examine the linear causality among all the regions by employing a VAR (Vector Autoregressive) framework. Later, we relax the assumption of linearity with the nonparametric approach proposed more recently by Diks and Panchenko (2006) (DP hence forth).
Starting with the work of Meen (1999) , it has been argued that shocks to regional house prices ripple out across the economy and concluded that there is a long run equilibrium relationship between regional house prices in the UK. Tsai (2014) re-examined the ripple effect for the UK. Panel unit root tests indicate that the relative price and volume ratios point towards stationarity signifying a long-run relationship between regional and national housing in the UK. According to Cook (2003) , the form of asymmetry detected varies between regions of the UK. Regions in the South East experience faster convergence following downswings in prices while other regions exhibit more rapid convergence following the increases in prices. Pesaran (2009) supports that the effects of a shock decay more slowly along the geographical dimension as compared to the decay along the time dimension. Moreover, Holmes and Grimes (2008) employ co-integration techniques and argue that all UK regional house prices are driven by a single common stochastic trend and that London exhibits the highest degree of persistence. Finally, Holmes et al (2011) , using a pair-wise approach and unit root tests, is investigating regional house price convergence in the US. They find that convergence is stronger between contiguous than non-contiguous regions. Kuethe and Pede (2011) incorporate locational spillovers through a spatial econometric adaptation of vector autoregression (SpVAR). The results suggest these spillovers may Granger cause housing price movements in a large number of cases.
In this paper we investigate linear and nonlinear (in the DP sense) convergence for 12 UK regions for a period that spans from 1983:1 till 2012:4 (120 observations). In contrast to the literature, we allow nonlinear dynamics to drive convergence.
The rest of the paper is organized as follows: Section 2 briefly discusses the methodology, section 3 presents the data, the results appear in section 4 and the last section concludes.
Methods
The econometric methodology employed in this strand of the literature is derived within the linear framework proposed initially by Granger (1969) and later by Sims (1980) . The latter is usually referred to as the short-run measure of causality (predictability) as we typically employ first differences. Toda and Yamamoto (TY) (1995) extended the analysis in the long-run allowing for the possibility of co-integration. They recommend adding an extra lag in the analysis of the levels of the variables.
We will start our analysis by adopting a VAR (Vector Autoregressive) framework:
where ∆y t is a vector with dimension (12x1) and the lag length is based on the SIC (Schwartz Information Criterion). Linear Granger causality is based on the F-tests (see Brooks 2014 pages 333-335 for more details).The analysis above assumes linearity and is short run.
In the long-run we follow TY and employ a VAR framework similar to the above but for the levels of the series (y t ). The lag length is based on the SIC but in the TY we need to add one lag. Hiemstra and Jones (1994) proposed a test that can detect nonlinear causality. DP extended the latter by proposing a nonparametric approach. In this analysis, we are employing DP to allow for nonlinear causality between the UK regional housing markets. For more discussion on the tests and applications, the reader is pointed to Alagidede et al. (2011) and Bampinas and Panagiotidis (2014) .
Data
The data we employ are quarterly observations of the natural logarithm of regional house prices and the UK (as a whole) over the period 1983Q1-2012Q4 (120 observations totally). The dataset under consideration were collected from the Halifax House Price Index (available at www.lloydsbankinggroup.com).
Our regional analysis includes the following regions: Figure 1 plots the level of the log series (employed for the long-run analysis) whereas Figure 2 plots the first differences (growth rates) (for the short analysis). 
Results
Our analysis starts from a linear VAR specification. The lag-length is chosen using the SIC (lag length equals to 1 for the short run and 2 for the long run; see notes in Tables 1 to 4 ). Standard linear Granger causality is then performed using a VAR specification that contains first differences of all 12 UK regions. We refer to this as the short-run analysis. The results for this are presented in Table 1 .We can argue that the South East, East Midlands and Scotland have the highest significant results (5 out of the 11 pairs). In other words, these are the regions that drive the short-run (first differences) linear predictability. The analysis mentioned above assumed that there is no long-run relationship between the variables. To allow for co-integration we adopt the TY approach. As a result the next step would be to construct a VAR with the levels (y t ) of all 12 UK regional housing market indices. We include one more lag (SIC plus 1) following Toda and Yamamoto (1995) . We then perform a standard linear F-test. The results are summarized in Table 2 . We refer to these as the linear long-run causality. The regions with the more significant effect on the others are: the South West and West Midlands (10 out of the 11 pairs and 9 out of 11 significant p-values accordingly). In the long-run we do get more significant pairs than in the short-run. The latter suggests that there is more linear predictability in the long-run rather than in the sort-run.
Given that there is no reason to assume that the convergence process is a linear one, we turn to the nonlinear analysis. This is a pair-wise analysis as we consider the interaction between all the possible pairs (12 UK regions plus the UK aggregate Index). Table 3 presents the short-run (first differences) results of the test statistic proposed by Diks and Panchenko (2006) . The highest portion of significant p-values is observed in the case of Wales (11 out of the 12 pairs) followed by London (10 out of 12 pairs), then UK (this is the aggregate index, 9 out of 12 pairs) and the North West (9 out of 12). London's predictability is mainly a short-run and nonlinear phenomena and its effect is more important than the overall UK aggregate index. Notes: ↛ denotes the no-causality null hypothesis on first differences. The Schwarz Information Criterion was used to determine the optimal lag lengths for VAR (p) models. The p-values with *, **, *** represent the significance at 10%, 5% and 1% level respectively. Lag length equals 1. Notes: ↛ denotes the no-causality null hypothesis on levels. The Schwarz Information Criterion was used to determine the optimal lag lengths for VAR (p) models. The p-values with *, **, *** represent the significance at 10%, 5% and 1% level respectively. Lag length equals 2 (linear lag length + 1). Notes: This table reports the results of nonlinear causality test on first differences among the 12 regional house prices and the UK as a whole. ↛ denotes the null of non Granger causality hypothesis (DP). Lag length equals 3. The p-values with *, **, *** represent the significance at 10%, 5% and 1% level respectively. ↛ denotes the null of non Granger causality hypothesis (DP). Lag length equals 3. The p-values with *, **, *** represent the significance at 10%, 5% and 1% level respectively. Table 4 presents the case where we allow the long-run (levels) causality to be nonlinear. This would allow us to take into account potential co-integrating relationships. The more significant pairs are observed in London (8 out of 12), South West (7 out of 12) and South East (7/12). These results highlight the importance of the housing market in London for the UK as the region with overall the more significant pairs. Table 5 summarise the results. Note that linear causality is based on F-tests from a VAR framework whereas the nonlinear analysis from a pairwise approach of the DP. For the linear case (the first two columns of results) we cannot identify any region with consistently high number of significant predictability. When we consider the nonlinear case, London emerges as the most significant region in the UK with 10(8) significant pairs in the short-run (long-run). Notes: Linear causality is based on F-tests from a VAR framework and DP stands for the procedure proposed by Diks and Panchenko (2006) .
Conclusions
The aim of this paper is to examine both the short-run and the long-run predictability among the UK regional housing market. We employ data that span from 1983:Q1 to 2012:Q4 for 12 UK regions (plus the aggregate UK index). Within a VAR framework we examine linear causality in the short-run and the long-run. We then relax the assumption of linearity and employ the nonparametric causality test approach of Diks and Panchenko (2006) . Our basic conclusions are (i) long-run causality among UK regional housing market is mainly linear, (ii) short-run predictability in the UK regional housing market is non-linear and (iii) London's effect on the rest of the UK housing market is the most important and is mainly short-run and nonlinear.
